Phytochemical investigation of the underground parts of Agapanthus inapertus (Liliaceae) has resulted in the isolation of three new spirostanol glycosides (1, 3, and 4), along with a known spirostanol glycoside (2) and two known spirostanols (5 and 6). The structures of the new glycosides were determined by spectroscopic analysis and the results of hydrolytic cleavage. The isolated compounds were evaluated for their cytotoxic activity against HL-60 human promyelocytic leukemia cells.
Agapanthus inapertus Beauverd (Liliaceae) is widely cultivated as a popular ornamental garden plant. Several phytoecdysteroids and steroidal glycosides with inhibitory activity on cAMP phosphodiesterase were isolated from A. inapertus [1, 2] . As part of our systematic study of bioactive steroidal glycosides from higher plants [3] , we have now undertaken an investigation of the underground parts of A. inapertus and isolated three new spirostanol glycosides (1, 3, and 4), together with a known spirostanol glucoside (2) and two known spirostanols (5 and 6) . This paper deals with the structural determination of 1, 3, and 4 on the basis of spectroscopic analysis, including 1D and 2D NMR spectral data, and the results of hydrolytic cleavage. The cytotoxic activity of 1-6 against HL-60 human promyelocytic leukemia cells is briefly described.
The MeOH extract of the underground parts of A. inapertus was partitioned with n-BuOH and H 2 O. A series of chromatographic separations of the n-BuOH-soluble phase resulted in the isolation of compounds 1 (54 mg), 2 (37 mg), 3 (21 mg), 4 (10 mg), 5 (2 mg), and 6 (49 mg). Compounds 2, 5, and 6 were identified as (25R)-2α,5α-dihydroxyspirostan-3β-yl β-D-glucopyranoside (2) [4] , (25R)-5α-spirost-7-en-2α,3β,5α-triol (5) [5] , and (25R)-5αspirostane-2α,3β,5α-triol (6) [6] , respectively.
Compound 1 was obtained as an amorphous solid and its molecular formula was determined to be C 33 H 52 O 10 on the basis of the HRMS-ESITOF data (m/z 609.3642 [M + H] + ). The 1 H NMR spectrum of 1 showed signals for four steroidal methyl groups at δ 1.12 (3H, d, J = 6.9 Hz), 0.96 (3H, s), 0.77 (3H, s), and 0.69 (3H, d, J = 5.4 Hz), an olefinic proton at δ 5.09 (1H, br d, J = 3.2 Hz), and an anomeric proton at δ 4.99 (1H, d, J = 7.7 Hz). These 1 H NMR data, along with one distinctive quarternary carbon signal at δ 109.3 [7] and one anomeric carbon signal at δ 104.1 implied that 1 is a spirostanol monoglycoside. Acid hydrolysis of 1 with 1 M HCl in dioxane-H 2 O (1:1) gave a steroidal sapogenin, identified as (25R)-5α-spirost-7-ene-2α,3β,5α-triol (5) , and D-glucose as the carbohydrate moiety. D-Glucose, including its absolute configuration, was identified by direct HPLC analysis of the hydrolysate, which was performed on an aminopropyl-bonded silica gel column using MeCN-H 2 O (17:3) as solvent system, with detection being carried out using a combination of refrective index (RI) and optical rotation (OR) detectors. In the 1 H-1 H COSY spectrum of 1, an oxymethine proton at δ 4.64 was coupled with an oxymethine proton at δ 4.13 (H-2) and a pair of methylene protons at δ 2.42 and 2.00 (H 2 -4). In the HMBC spectrum of 1, one of the methylene protons at δ 2.42 showed long-range correlations with an oxygenated quaternary carbon at δ 72.9 (C-5) and a quaternary carbon bearing a methyl group at δ 39.8 (C-10). Thus, the oxymethine proton at δ 4.64 was assigned to H-3, which was associated with the one-bond coupled carbon at δ 83.5 (C-3) by the HMQC spectrum. The anomeric proton of the β-D-glucopyranosyl moiety at δ 4.99 exhibited an HMBC correlation with the C-3 oxygenbearing carbon (Figure 1 ). Accordingly, the structure of 1 was established as (25R)-2α,5αdihydroxyspirost-7-en-3β-yl β-D-glucopyranoside. , an olefinic proton at δ 5.07 (1H, br d, J = 3.5 Hz), and the methyl group of a 6deoxyhexopyranosyl moiety at δ 1.74 (3H, d, J = 6.2 Hz). Acid hydrolysis of 3 with 1 M HCl gave an aglycone (6), D-glucose, and L-rhamnose. On comparison of the 13 C NMR spectrum of 3 with that of 1, a set of six signals corresponding to a terminal α-L-rhamnopyranosyl unit could be observed at δ 102.1 (CH), 72.4 (CH), 72.7 (CH), 74.2 (CH), 69.4 (CH), and 18.6 (Me), in addition to the six signals due to a β-D-glucopyranosyl group, of which the C-2 position was supposed to be glycosylated. In the HMBC spectrum of 3, the anomeric proton of the rhamnosyl unit at δ 6.38 showed a long-range correlation with C-2 of the glucosyl unit at δ 77.7, whereas that of the glucosyl unit at δ 4.95 exhibited a 3 J C,H correlation with C-3 of the aglycone moiety at δ 83.4. Accordingly, the structure of 3 was characterized as (25R)-2α,5α- (1:1) gave (25R)-5α-spirostane-2α,3β,5α-triol (6), Dglucose, and L-rhamnose. The structure of 4 was formulated as
The isolated compounds (1-6) were evaluated for their cytotoxic activity against HL-60 leukemia cells, using a modified 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl-2H-tetrazolium bromide (MTT) reduction assay [8] . Compounds 2, 3, and 4 showed moderate cytotoxic activity with IC 50 values of 12.5 μg/mL, 12.5 μg/mL, and 11.9 μg/mL, respectively, when etoposide, used as a positive control, had an IC 50 value of 0.22 μg/mL. The spirostanol monoglucoside (1) and spirostanols (5 and 6) did not exhibit apparent cytotoxic activity even at the sample concentration of 20 μg/mL.
Experimental

General experimental procedures: Optical rotation
was measured with a JASCO DIP-360 (Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 spectrometer (500 MHz of 1 H NMR, Karlsruhe, Germany) using standard Bruker pulse programs. Chemical shifts are given as δ values with reference to tetramethylsilane (TMS) as an internal standard. HRMS-ESITOF data were recorded on a Micromass LCT mass spectrometer (Manchester, U.K.). Silica gel (200-400 mesh, Fuji-Silysia Chemical, Aichi, Japan), Diaion HP-20 (Mitsubishi-Chemical, Tokyo, Japan), octadecylsilanized (ODS) silica gel (Nacalai Tesque, Kyoto, Japan), and Sephadex LH-20 (Amersham Biosciences, Uppsala, Sweden) were used for column chromatography. TLC was carried out on precoated Kieselgel 60 F 254 (0.25 mm thick, Merck, Darmstadt, Germany) and RP 18 F 254 S plates (0.25 mm thick, Merck), and compounds were visualized by spraying the plates with 10% H 2 SO 4 , followed by heating. HPLC was performed using a system composed of a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), a RI-8010 (Tosoh) or a Shodex OR-2 (Showa-Denko, Tokyo, Japan) detector, and a Rheodyne injection port. The following reagents were obtained from the indicated companies: RPMI 1640 medium and MTT (Sigma, St. Louis, MO); fetal bovine serum (FBS) (Bio-Whittaker, Walkersville, MD); penicillin G sodium and streptomycin sulfate (Gibco, Gland Island, NY). All other chemicals used were of biochemical reagent grade.
Plant material: A. inapertus was purchased from a garden center at Heiwaen (Nara, Japan) and identified by Dr Yutaka Sashida, emeritus professor of the Tokyo University of Pharmacy and Life Sciences. A voucher specimen has been deposited in our laboratory (No. 92-N-007, Laboratory of Medicinal Pharmacognsy). 
Extraction and isolation: Fresh underground parts of
Acid hydrolysis of 1:
A solution of 1 (7.6 mg) in 1 M HCl (dioxane-H 2 O, 1:1; 2 mL) was heated at 95ºC for 1 h under an Ar atmosphere. After cooling, the reaction mixture was neutralized by passage through an Amberlite IRA-96SB (Organo, Tokyo, Japan) column and chromatographed on Diaion HP-20, eluted with H 2 O-MeOH (3:2), followed by Me 2 O-EtOH (1:1), to yield a sugar fraction (1.9 mg) and an aglycone fraction.
The aglycone fraction was chromatographed on silica gel, eluted with CHCl 3 -MeOH (9:1), to give (25R)-5α-spirost-7-ene-2α,3β,5α-triol (5; 1. 
Acid hydrolysis of 4:
A solution of 4 (8.2 mg) was subjected to acid hydrolysis in 0.8 M HCl (dioxane-H 2 O, 1:1; 2 mL) at 85ºC for 1 h under an Ar atmosphere, and the reaction mixture was fractionated, as described for 1, to give 6 (1.8 mg) and a sugar fraction (1.7 mg). HPLC analysis of the sugar fraction under the same conditions as in the case of 1 showed the presence of D-glucose and Lrhamnose. t R (min): 17.08 (D-glucose, positive optical rotation), 8.01 (L-rhamnose, negative optical rotation).
Cell culture assay: HL-60 cells, which were obtained from Human Science Research Resources Bank (JCRB 0085, Osaka, Japan), were maintained in RPMI 1640 medium containing heat-inactivated 10% FBS supplemented in RPMI 1640 medium containing 100 units/mL penicillin G sodium and 100 μg/mL streptomycin sulfate. The leukemia cells were washed and resuspended in the above medium to 4 x 10 4 cells/mL, and 196 μL of this cell suspension was placed in each well of a 96-well flat-bottom plate (Iwaki Glass, Chiba, Japan).
The cells were incubated in 5% CO 2 /air for 24 h at 37ºC. After incubation, 4 μL of EtOH-H 2 O (1:1) solution containing the sample was added to give the final concentrations of 1-20 μg/mL; 4 μL of EtOH-H 2 O (1:1) was added to the control wells. The cells were further incubated for 72 h in the presence of each agent, and then cell growth was evaluated by an MTT assay procedure. Briefly, after termination of culture, 10 μL of 5 mg/mL MTT in phosphate-buffered saline (PBS) was added to every well, and the plate was further incubated in 5% CO 2 /air for 4 h at 37ºC. The plate was then centrifuged at 1500g for 5 min to precipitate cells and formazan. An aliquot of 150 μL of the supernatant was removed from every well, and 175 μL of DMSO was added to dissolve the MTT formazan. The plate was mixed on a microshaker for 10 min and then read on a microplate reader (Spectra Classic, Tecan, Salzburg, Austria) at 550 nm. Each assay was performed in triplicate, and cytotoxic activity was expressed as IC 50 value (reduction of the viable cell number by 50%).
